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INTRODUCTION. 
The phenomenon of recovery from any local bacterial infection 
has  not  been  fully explained,  and  it  is  not  wholly accounted  for 
by the several activities of blood serum and phagocytes, which have 
often  been  viewed  as  gradually  overcoming  and  removing  the 
offending bacterial agents.  Indeed, this  restricted view has  never 
been  fairly established  either  by  direct  observation  upon  affected 
human beings or animals, or through experiment ; ,and it leaves out 
of account the effects of certain definite chemical substances, other 
than antibodies, which are  always present  in a  focus in which tis- 
sues  and  cells  are  disintegrating'.  That  some  of  these  chemical 
substances  are  injurious  to  bacteria  and  even  to isomatic cells  we 
now know, and it has been  found possible to define more precisely 
the chemical nature of part,  at least,  of the injurious chemicals. 
It has long been known that certain somatic cells yield upon ex- 
traction  bactericidal  substances  that  are  neither  complements  nor 
amboceptors.  Thus the long series of investigations, beginning with 
those  of t3uchner  ~ and  Denys,  8  including those of  I-tahn,  4  Schat- 
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tenfroh, 5 van der Velde,  6 Bail, 7 Moxter, s and L5wit,  9 and terminat- 
ing  with  those  of  Pettersson  1°  and  Zinsser,  1~  have  eventuated  in 
proving that the substances extracted  or expressed  from leucocytes 
are capable of destroying bacteria of a wide series ranging  from the 
pyogenic cocci,  on the  one hand,  to  the  bacilli  typhosus,  coli,  and 
anthracis,  on the other.  The distinguishing  characteristics  of these 
intracellular  bactericidal  substances  are  their  thermostability  and 
capacity  to  act  independently  of  the  presence  of  alkaline  salts  in 
the  medium. 
These  extractive  substances,  obtained  either  directly  from  cells 
or  after  autolysis,  have  been  shown  by Conradi, ~2  Korschun  and 
Morgenroth, 1~  Levaditi, ~4  and  Noguchi, ~5  to  be  not  only  bacteri- 
cidal,  but often hemolytic as  well,  and  to  differ  still  further  from 
the thermolabile antibodies in being alcohol-soluble.  Very recently 
Noguchi  16  has  determined  that  the  activity  of  these  extracts  de- 
pends  largely,  if  not  wholly,  upon their  content  in  certain  higher 
unsaturated  fatty acids or their  alkaline  soaps.  That  soaps occur 
in  inflammatory  loci  has  been  shown  by  Klotz;  17  and  the  origin 
of  the  fatty  acids  and  soaps  is  readily  accounted  for  since  Ach- 
alme  ~s has proved  the  presence  of lipase  in  such  loci.  That'  neu- 
tral  fat  and  even  the  higher  phosphorized  fats  or  lecithin  com- 
plexes  occur  in  disintegrating  tissue  and  exudate  is  well  known; 
and under  the influence of the lipase, which BergeP ° believes to be 
especially abundant  in the mononuclear  leucocytes or lymphocytes, 
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these fats are decomposed and their fatty acids liberated.  Certain 
tissues which have undergone autolysis intra vitam yield an alcoholic 
extract of high hemolytic activity, as has been shown for the liver 
in acute yellow atrophy, toluylendiamin and phosphorus poisoning, 
by Joannovics and Pick,  2° Ehrmann and Stern,  21  and Jacoby,  22 and 
this unusual potency is ascribed to the presence of free, higher un- 
saturated  fatty acids which are derived from cleavage of the lecithin- 
like  complexes.  Dr.  Lamar  has  extracted relatively large quanti- 
ties of such lecithin-like bodies or tipoids and  fatty acids  from the 
human lung,  the seat  of resolving lobar  pneumonia. 
The  quantity of bactericidal  substances  extractable  from leuco- 
cytes in vitro must be a  small measure of those which may be liber- 
ated from leucocytes in an inflammatory focus.  These extractable 
substances represent merely the preformed bodies and are minimal 
in amount.  While it is probable, it has yet to be proved, that they 
consist of soaps.  The leucocytes in an inflammatory focus, on the 
other  hand,  suffer  successive  death  and  disintegration  either 
through  the  action  of  bacterial  poisons--leucocidins--or  because 
of lack of nutriment, and then yield through autol)~sis  arid lipolysis. 
the  fatty complexes out  of which  fatty  acids  and  soaps  are  pro- 
duced.  The  quantity  of  bactericidal  and  hemolytic  substances 
yielded by  cells  in  process  of  autolysis  is  relatively considerable. 
The disintegration of leucocytes-and tissues  which  results  from a 
local bacterial infection can, therefore, be viewed as a  process that 
is  not entirely to  the advantage of the parasitic  agent, but  is  also 
of use to the economy in  assisting to overcome the bacteria,  since 
the cells brought to  death and disintegration by the parasites  yield 
certain definite chemical substances that themselves exert a  destruc- 
t'ire action upon the infecting bacteria. 
Turning  now  to  the  subject  of  the  pneumococcus,  with  whicl~ 
this  paper  deals,  and  considering  the  typical  form  of  pneumo-- 
coccus inflammation presented by lobar  pneumonia,  it  should  first: 
be  stated  that  the  pneumococci present  in  the  resolving  ,exndat'e  . 
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undergo a progressive diminution, both in number and in virulence, 
as the process of resolution proceeds.  This decrease in the number 
of pneumococci is  not produced by phagocytosis, which occurs,  as 
a  rule, but slightly; and test tube experiments have shown that the 
pneumococcus is  little,  or not at all,  subject to  serum-lysis; hence 
some other mechanism must be invoked to  explain their  removal. 
Many years ago Welch  ~a  observed that the resolution of the pneu- 
mococcic exudate was accompanied by the lysis of the pneumococci 
within their capsules, and that all stages of the chromatolysis of the 
organisms, up to complete disappearance, could be followed under 
the  microscope.  What  the  nature  of  the  agency  is  that  brings 
about  this  form of solution  of the pneumococci within their  cap- 
sules has not been determined.  Now it becomes significant, as Dr. 
Lamar's  investigation  shows,  that  pneumococci which  have  been 
exposed to the action of weak solutions of sodium oleate become so 
altered in  texture that,  while still  viable in cultures, they are sub- 
ject to lysis or solution by means of the body fluids and particularly 
by means  of an  antitmeumococcus serum in  vitro  or  intra  vitam. 
Such an assumption as that the alteration in virulence and num- 
ber  suffered by  pneumococci during  resolution  of  a  lobar  pneu- 
tannic exudate depends in part upon the action of the  fatty acids 
and  soaps  of the exudate,  would,  in  view  of  the  facts presented, 
have  some  justification;  and  this  assumption  would be  further 
strengthened by the additional  fact ascertained by Dr.  Lamar, that 
the viable,  soap-treated  pneumococci have  had  their  virulence di- 
minished  by  the  treatment. 
On the ,other hand,  an obstacle immediately appears  in  the way 
of this highly satisfactory explanation.  Noguchi  24 and yon Lieber- 
mann  ~5  have separately noted  that  hemolysis and  bacteriolysis by 
the unsaturated fatty acid soaps are inhibited by the protein of the 
serum;  and the  question,  therefore,  arises  whether the  acids  and 
soaps  produced in the resolving exudate could come to  act  injur- 
iously upon  the  bacteria  and  in  this  case  upon  the  pneumococci. 
No  definitive reply can be  made at  the  moment to  this  question, 
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since we are still  too ignorant  of the interaction of  chemical sub- 
stances  within  a  resolving  exudate.  But  we  may  still  consider 
factors that  possibly suffice to overcome this  initial  impediment to 
the action of the soaps, among which are the proximity of the bac- 
teria  to  the  nascent  fatty acids  and  soaps  and  the  natural  occur- 
rence within  the  exudate  of  chemical bodies  that  have  the  effect 
of  removing  the  protein  inhibitipn  similar  to  that  described  for 
boric  acid  in  the  experiments  of  Dr.  Lamar. 
The complexity of the defensive processes  invoked against bac- 
teria is further emphasized in a  suggestive way by the striking part 
taken  by  the  antipneumococcus  serum  in  the  experiments.  The 
action  of  combined  sodium  oleate  and  immune  serum  upon  the 
lysis of the pneumococci and upon infection with that organism in- 
dicates  a  highly  important  property  of  immune serum.  The  de- 
structive  and  protective  effects  described  in  connection  with  the 
combination  are probably  not  simply  those  of  summation of two 
independent injurious agencies, but may well be the expression of 
a  new and specially acquired property of the antiserum,  since the 
normal  serum  fails  to  produce  perfect  and  complete lysis  of  the 
soaped  pneumococci.  Moreover,  it  has  been  shown clearly,  espe- 
cially by Neufetd  ~"  and his  associates, that,  at the time of the ap- 
pearance  of  the  crisis  in  pneumonia,  antibodies  are  demonstrable 
within the blood; thus, it would appear that the conditions afforded 
by  the  inflammatory  exudate  for  the  interaction  of  the  soaps 
formed  within  the  exudate  and  the  bacteria  there  present  may 
come to be  favorable to the destruction of the pneumococci. 
We entertain the opinion that our knowledge of the phenomena 
of  local  destruction  of  infecting bacteria  may be  promoted  by  a 
more comprehensive study of the chemistry of the process and by 
declining to confine attention to the antibodies and phagocytes ex- 
clusively.  The purpose of the present paper, and of those which it 
is  expected wilI  follow,  is  to  attempt  to  define the part  played in 
destroying bacteria by the more definite chemical bodies  occurring 
within local inflammatory loci,  especially those undergoing resolu- 
tion,  and  to  put  to  a  practical  test,  in  promoting  recovery  from 
experimental infections, the  facts  ascertained in  the course of the 
investigation. 
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ACTION  ON  THE  PNEUMOCOCCUS AND  ITS  EXPERIMENTAL 
INFECTIONS  OF  COMBINED  SODIUM  OLEATE  AND 
ANTIPNEUMOCOCCUS  SERUM. 
CONDITIONS OF  PNEUtVIOCOCCUS INFECTION. 
The state of our knowledge of the conditions of pneumococcus 
infection will be indicated by the brief review of the literature that 
is to follow.  The effects of the entrance of bacteria into an animal 
body  are  considered to  depend  chiefly upon  the  susceptibility  of 
the animal and the virulence of the invading bacteria.  These ex- 
pressions  are obviously merely relative and bear a  reciprocal rela- 
'tionship,  yet at  the extremes the states  of susceptibility and  viru- 
lence are well defined and  easily appreciated.  The  conditions  are 
well illustrated by the manner of reaction of different animals  to 
the  pneumococcus.  Certain  animals,  under  normal  conditions, 
represent one extreme of entire insusceptibility to infection with the 
pneumococcus,  and  others  present  the  opposite  extreme  of  high 
susceptibility to  its  effects.  Thus,  the pigeon  is  entirely resistant 
to infection, while the goat, dog, sheep, guinea pig, rat, mouse, and 
rabbit,  as well as man, must be ranked among the susceptible ani- 
mals.  The reactions of the susceptible animals vary.  There may 
be  only  a  slight  local  inflammation,  or  a  severe  local  inflamma- 
tion  with  or  without septicemia, or an immediate  fatal  septicemia 
following a  slight local reaction.  Experimental evidence exists to 
the effect that the susceptibility of the dog to experimental infection 
with the pneumococcus is similar to that of man to spontaneous in- 
fection.  That  is,  in  man  and  the  dog,  pneumococcus  infections 
are usually of the nature of severe local reactions, which only excep- 
tionally are attended by true septicemia, as distinguished from the 
early transitory bacteremia.  But  in  man,  as  in  susceptible  lower 
animals,  the effects depend,  in  considerable part,  upon the degree 
of virulence of  the pneumococci.  The  pneumococci which thrive 
saprophytically  in  the  buecal  cavity  of  human  beings  are  appar- 
ently,  as  a  rule,  harmless,  and  when  cultivated  from  this  source 
the organism has little pathogenicity, sometimes none, for the highly 
susceptible mouse and  rabbit.  However,  when the pneumococcus 
is  associated with  local  inflammations in  human beings,  of which Richard  V.  Lamar. 
many varieties  occur,  both  as  regards  situation  and  severity,  the 
pneumococci cultivated from the lesions exhibit all degrees of path- 
ogenicity for these  very susceptible  animals.  The  organisms  ob- 
tained  from most of the local inflammations are not highly patho- 
genic,  but  those  obtained  from pneumonic lesions  are  sometimes, 
although not invariably, of high potency. 
The basis of these differences in susceptibility of animals and in 
virulence of different strains of pneumococci has been sought from 
the time of the earliest work by the pupils  of Metchnikoff to that 
of the recent studies of I-Iektoen  27  and his pupils,  especially in re- 
lation to phagocytosis.  Tchistovitch  ~s concluded from his  experi- 
ments that  the state  of refractoriness or susceptibility to  infection 
depended wholly upon  whether the  leucocytes of  the  animals  did 
or did not ingest and destroy the pneumococci.  Mennes  29  further 
noted  that  an  animal  artificially  immunized  against  the  pneumo- 
coccus resisted infection because its  leucocytes exercised increased 
power  to  take  up  the  organisms.  Moreover,  his  studies  of  the 
virulence of different strains of the diplococcus led him to conclu- 
sions similar to those arrived at by Marchand in his studies of the 
streptococcus,  namely,  that  the  avirulent  pneumococci are  readily 
taken up by phagocytes, while the virulent are not.  He  therefore 
concluded that  a  pneumococcus produces infection because it  pos- 
sesses  the power to  resist  destruction by leucocytes, a  view which 
has been confirmed and accepted by many later workers.  Recently 
Strouse  ~° has added that virulence depends in part' upon the ability 
of the pneumoeoccus to  grow in the body of the animal,  and  not 
wholly upon  its  resistance to  phagocytosis. 
Much attention  has  been given to  the  study of the  causes  that 
underlie  the  resistance  to  phagocytosis  shown  by  virulent  pneu- 
mococci.  Marchand  8~ ascertained that the killing of the organisms 
by heat and the treatment of them with various chemical substances 
did not render the previously virulent organisms subject to phago- 
cytosis,  from  which he concluded that the determining factor was 
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some physical state, and not the chemical composition, of the pneu- 
moeocci.  Recently,  however,  Rosenow  a2  has  attributed  the  re- 
sistance to phagocytosis offered by virulent pneumococci to  a  sub- 
stance  called  by  him  "virulin,"  which he  believes he  has  shown 
to be present in the virulent organisms not subject to phagoeytosis 
and to be absent in the avirnlent ones; and, moreover, that the sub- 
stance may be separated from the organisms containing it through 
autolysis.  Similarly,  Tehistovitch  and  Jourevitch  aa  have  stated 
that virulent pneumococci may be rendered subject to phagocytosis 
by merely washing them with  salt  solution which removes a  sub- 
stance called by them "antiphagine,"  upon which they believe the 
resistance  to  phagocytosis  depends. 
Studies of the action of immune or antipneumococcus serum have 
succeeded in establishing its biological properties and  in determin- 
ing that its  protective value against  infection is  slight.  Such im- 
mune sera exert only a  slight  agglutinating action upon the pneu- 
moeocci and are devoid, or nearly so,  of antitoxic and bactericidal 
action.  They differ from the corresponding normal sera chiefly in 
their content in bacteriotropin or opsonin, through which they pro- 
mote  phagocytosis  to  a  greater  degree than  normal  serum  does. 
It  is  true  that  when  immune sera  are  injected  into  the  body  of 
certain  susceptible  animals  in  advance  of  the  inoculation  of  the 
pneumococci, infection is sometimes prevented, which, according to 
Neufeld  34  and his pupils,  is the result solely of the action of the 
specific bacteriotropin.  Yet these immune sera have proven pow- 
erless  to  cure  an  established  pneumocoecus  infection.  To  this 
statement there is, possibly, one exception.  R6mer  ~5 believes that 
the antipneumococcus serum is effective in the treatment of corneal 
ulcers  caused by the pneumoeoccus. 
EXPERIMENTAL  OBSERVATIONS. 
With  our  present  knowledge,  we  must  view  the  power  of  an 
antipneumococcus  serum  ~  to promote  phagocytosis  as the  index  of 
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its  therapeutic  activity,  and  we  must  also  view  the  property  of 
spontaneous  phagocytosis  of  the  pneumococci,  which  certain  ani- 
mals  exhibit,  as  the  determining  cause  of  their  refractoriness  to 
infection.  The  only known exception to this  is the  pigeon,  whose 
refractoriness  Strouse  ~6 believes to be due to its normally high tem- 
perature.  These  considerations  do  not  exclude  .the  probability 
that there may be still other and undetermined  factors concerned in 
the  prevention  of  infection  by  the  pneumococcus. 
Sodium  Oleate and Lysis  of the P~eu,mococc~ts.--Although  an- 
tipneumococcus  serum  possesses  in  itself  neither  bactericidal  nor 
bacteriolytic power, we have  found that when it acts in conjunction 
with  certain  chemical  substances;  it  comes  to  exert  both'of  these 
actions.  The chemical substances which we have studied especially 
are the alkaline soaps of oleic acid.  That soaps are bactericidal  for 
certain  bacteria,  namely,  the  bacilli of typhoid  fever,  anthrax,  and 
dysentery,  has  previously  been  shown  by  NoguchiY 7  We  have 
noted  that  the  oleates  of sodium,  ammonium,  and  neurin  are  bac- 
tericidal  for the pneumococcus also,  and  that  while the effects are, 
in general,  qualitatively alike,  the sodium soap is perhaps  the most, 
and  the  neurin  ,~oap the least,  active of the series.  In the  experi- 
ments to be described, sodium o.leate  was employed exclusively. 
In the  experiments  virulent  pneumococci have  been subjected to 
several different concentrations  of sodium oleate,  alone  and  in con- 
junction with normal and immune sera.  In the first place, in order 
to determine the effects upon the pneumococci of the soap solutions 
alofle,  they  have  been  added  to  broth  cultures,  and  microscopical 
studies  have  been made  for morphological  and  tinctorial  changes; 
and,  in addition,  tests were made to ascertain  the viability on  arti- 
ficial  culture  medium  of  the  treated  diplococci,  as  welt  as  their 
degree of virulence  for rats  and  mice. 
The  virulence,  of  the  cultures  employed  was  maintained  at  a 
high  point  by  daily  passage  through  mice.  The  greater  part  of 
our  studies  was  made  with  two  cultures,  designated  "74"  and 
"N.I,"  which throughout  the period of the experiments  were  fatal 
in doses of o.oooooI cubic centimeter  for a  full grown mouse, and 
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o.ooooI  cubic centimeter for a  grown rat.  In each experiment a 
culture in  broth  eighteen to  twenty-four hours  old,  made directly 
from the heart's blood of a  "passage"  mouse was employed, and 
in each, control animals were employed to guard against  any sud- 
den change in the pathogenicity. 
When  sodium  oleate  is  added  to  a  broth  culture  of  the  pneu- 
mococcus in strengths of I  to 0. 5 per cent. of the volume, the dip- 
lococci  are  killed  within  fifteen  to  thirty  minutes.  In  hanging- 
drop  and  film preparations  the diplococci  are seen to  disintegrate 
slowly  without  sweUing.  To  the  naked  eye  the  mixture  clears 
only slightly and becomes viscid.  This conversion of the disinte- 
grated  cocci and  soap  into  mucin-like material is  more  strikingly 
apparent when the number of cocci in the mixture is increased, as 
by  centrifugalizing  the  culture  and  resuspending  the  sedimented 
diplococci  in  broth  or  salt  solution  to  one-fourth  of  the  original 
volume  of  culture.  Then  nearly  the  whole of  the  mixture  be- 
comes  converted  into  a  thin  translucent  jelly  which persists  un- 
changed for two days.  In this respect the action of sodium oleate 
differs strikingly from that of bile which causes complete solution 
of the diplococci and renders the suspension perfectly clear, trans- 
parent,  and  limpid. 
Greater  dilutions  of  the  sodium  oleate  produce  less  profound 
changes in the pneumococci, and when the dilution of the soap  is 
greater than  I  to  I,OOO, the pneumococci are not killed  after one 
hour's contact.  When such mixtures of soap and culture are cen- 
trifugalized  at  a  high  rate  of  speed  the  pneumoeocci  collect  in 
the  bottom  of  the  tube  in  the  form of  a  Whitish  coherent slimy 
mass, which upon being resuspended in salt solution may be readily 
broken up  into  a  fine  suspension  resembling  the  original  culture. 
When pneumoeocci which have been treated with sodium oleate 
in the way described and suspended in salt solution are allowed to 
undergo autolysis,  it  is  found that they disintegrate  more quickly 
than do normal pneumococci of the same origin suspended also in 
salt  solution.  While the  former undergo  complete disintegration 
in a  few hours so as to leave the fluid clear, the latter are incom- 
pletely  disintegrated  after  a  lapse  of  two  days. 
If the  strength of the sodium oleate  is  still  further reduced to Richard  V.  Lamar.  11 
dilutions  of I  to  I0,ooo,  15,ooo,  and  20,000,  the  exposed  cocci 
are  not  altered  in  morphological  appearance,  staining  properties, 
or  ability  to  grow  upon  artificial  culture  medium,  yet  they  still 
undergo  autolysis  with  much  greater  rapidity  than  the  untreated 
diplococci. 
Experiments  were  made  to  determine  whether  the  diplococci, 
which  were  obviously  altered  without  being  killed,  so  that  they 
underwent  more rapid  autolysis,  would also  show greater  capacity 
for phagocytosis.  The  experiments  were made as  follows: 
A  0.2 per cent',  solution of sodium oleate was added to broth cul- 
tures to produce a concentration of I  to IO, O0O to I  to 20,000 of the 
soap.  After one hour's  contact at room temperature  the soap  and 
broth  were  removed  by  washing  the  pneumococci  twice  in  0.85 
per cent.  salt solution in a  centrifugal machine  of high  speed.  The 
treated  pneumococci were collected and  made  into  a  fixed suspen- 
sion in salt solution,  which suspension was used  for the phagocytic 
tests.  These tests were made with leucocytes alone and with leuco- 
cytes plus normal serum, and immune serum.  Control observations 
were. carried  out with pneumococci  of the  same  source which  had 
been merely washed in salt solution.  No phagocytosis had occurred 
in  any  of  the  preparations  after  the  expiration  of  thirty  minutes. 
On  the  other  hand,  while  the  number  of  diplococci  remained  un- 
changed  in  the control  tubes and  in the mixture  of leucocytes and 
soaped  diplococci alone,  the  tubes containing  the  soaped diplococci 
and  the  normal  and  immune  sera  showed a  great  reduction  in the 
number of organisms ; indeed, almost all had disappeared.  Hence, it 
appears that the combined action of soap and serum led to a marked 
solvent  or  bacteriolytic  effect  upon  the  pneumococci,  and  at  this 
early  period  in  the  observations  no  difference  was  noticeable  be- 
tween  the  action  of the  normal  and  the  immune  serum.  But  at 
the  expiration  of  about  eighteen  hours  a  marked  difference  was 
apparent,  for the  tube contai~aing  the  normal  serum  was  now tur- 
bid,  as  a  result  of the  multiplication  of the  small  number  of  dip- 
lococci which had escaped destruction,  while the tube containing the 
immune  serum was sterile,  since all of the diplococci had been dis- 
solved.  It could now be shown that  in the  solution of the  soaped 
diplococci by means of serum, the leucocytes which had been added 
®~o  woe  :  :'.o  °  o.o.'°°",  oo  o°o..-  o'.:''" 
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for  the  purpose  of  ascertaining  whether  the  treated  cocci  were 
phagocytable played no part, since the partial solution of the soaped 
organisms by the normal serum,  and  the complete solution by the 
immune serum, occurred likewise in the absence of the leucocytes. 
TIIE EFFECTS  OF SOAPED  PNEUMOCOCCI  UPON  ANIMALS. 
The preceding experiments were next modified to the extent that 
the  various  mixtures,  instead  of  being  allowed  to  remain  in  test 
tubes, were injected into the peritoneal cavity of rats and mice.  In 
order to  follow the series of changes taking place in the peritoneal 
cavity  and  to  compare  them  with  the  changes  occurring  in  test 
tubes,  fluid was withdrawn by means of capillary tubes at various 
intervals after the injection. 
In the case of the soaped pneumococci there appear  within  the 
first few hours an increasing number of leucocytes, and there takes 
place a  rapid  reduction in the number of organisms  injected.  In 
the case of the control series, in which pneumococci merely washed 
with salt solution have been injected, there is an absence of marked 
leucocytic exudation and  an  early and  rapid  multiplication of the 
diplococci.  Phagocytosis  is  only  occasionally  met  with  in  the 
exudate in either series of experiments.  At the expiration of about 
eighteen hours all the control animals are found to have succumbed 
to a pneumococcus septicemia, while those which have been injected 
with  the  soaped  diplococci  alone  and  with  the  soaped  organisms 
combined with normal serum are very ill  or dying,  and  the peri- 
toneal exudate obtained by means of capillary tubes contains many 
pus cells and innumerable diplococci.  On the other hand, the mice 
that  received  the  mixture  of  soaped  pneumococci  and  immune 
serum are not  noticeably ill.  The  peritoneal  cavity, moreover,  is 
found to contain a  very small quantity of fluid in which there are 
no diplococci, very few pus cells, and relatively many mononuclear, 
probably  desqnamated  endothelial  ceils,  which  often  contain  in- 
gested polymorphonuclear leucocytes.  ~Xdl  the mice of the exper- 
iment die within the day except those which received the  immune 
serum;  they  recover.  The  capacity  of  the  immune  serum  to 
render innocuous the soaped  diplococci is  very great,  since,  when 
for the rat the culture is of such virulence that o.ooooi  cubic centi- 
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meter  will  kill  a  grown  rat  within  two  days,  these  animals  with- 
stand  under  the  conditions  mentioned  the quantity  of pneumococci 
contained in ten to fifteen cubic centimeters  of the original  culture. 
These  results  will  be illustrated  by a  protocol which  follows: 
March  29,  I9o9  The  plain  broth  culture,  which  was  twenty-two  hours  old, 
was made  from the heart's blood of a  "passage"  mouse.  The soap solution  was 
freshly prepared with 2k'Ierck's sodium oleate.  The serum consisted of a  specimen 
of normal  goat  serum and  of immune goat  serum,  the  latter prepared  by inject- 
ing highly virulent pneumocoecl  irrtravenously  into  the goat.  The  soap  solution 
was  added  to  the broth  culture  in  such  quantity  as  to bring  about  a  dilution  of 
I  to 2o,000, and the mixture was allowed to rest for one hour at room temperature 
before  being  centrifugalized.  The  diplococci  were  rapidly  washed  twice  with 
0.85  per  cent.  salt  solution  in  a  centrifugal  machine  of  high  speed.  The  sedi- 
mented organisms were finally suspended m  salt solution  in  such' a  manner  as  to 
make each o.  5 c.e  of the suspension.represent I5  c.c. of the original culture.  The 
control  observations  were  made  upon  pneumococci  treated  in  all  respects  in  a 
similar  manner,  except  that  they  had  not  been  subjected  to  the  action  of  the 
sodium  oteate.  ~fieroscopical  examination  showed  no  appreciable  difference  in 
the  soaped  and  the  control  diplococei.  Equally  profuse  growths  were  obtained 
from  each  upon  glucose  serum  agar.  The  quantity  of  the  suspensions  injected 
ir~to  the peritoneal  cavity of  each  rat  was 0.5  c.c. 
Table  I  summarizes  the  results  of  the experiment. 
TABLE  I. 
Rat4z. 
Rat 37. 
Rat 3  6 . 
Rat 44. 
Rat 47- 




Washed  diplo- 
cocci q- im- 
nlune serum t 








cocci -{- im- 
mune seram~ 
0. 3 c.c. 
4 tlOllrs. 
No  reduction  in 
number of 
cocci ;  few 
polymorpho- 
,  nuclear leuco- 
cytes. 
No  reduction in 
number of 
cocci ;  few 
p.n.1. 
Few  cocci ; very 
few p.n.1. 
Marked reduc- 
tion in number 
of cocci ;  few 
p.nl. 
Only an  occa- 
sional  pair  of 
cocci ;  few 
p.n.1. 
8  hours. 
Slight increase [ 
ill nt.unber of  I 
COCCI ;  more | 
p.n.t. 
l  ~farked in- 
crease in 
number of 
cocci ;  many 
p.n.1. 
Few cocci; very 
few p.n.1. 
Marked  reduc- 
tion in num- i 
ber of cocci ; 
more p.n.1.  ' 









cocci ;  many 
p.n.1. 
No cocci ; 
fewer p. n.l. 
Result. 
Died,  17 hrs. 
Died,  I9 hrs. 
Died, 29 hrs. 
Died, 3 °  hrs. 
Recovered. 14  Chemo-Immuno~ogical  Studies  on  Localized  Infections. 
The animals that died presented at autopsy  the usual  findings  from pneumo- 
coccic septicemia,  Only an occasional example of phagocytosis in the peritoneal 
exudates. 
This  experiment,  which  is  taken  as  an  example  from  many  of 
the  same  kind,  shows  clearly  that  the  observations  made  in 
vitro  on  the  action  of  soaps  upon  the  pneumococci  are  applicable 
to the  effects produced intra vitam.  The  conclusion,  therefore,  is 
justified that  under  the influence  of minimal  quantities  of alkaline 
oleic acid soaps the pneumococci are  so modified that  they become 
more subject, not to phagocytosis, but to increased serum lysis, and 
that  the  effects of  serum  in  this  respect  are  much  greater  in  the 
case  of  immune  than  in  the. case  of  normal  serum.  The  effect, 
moreover, of the immune serum is to bring about the disappearance 
of the diplococci not by increasing  phagocytosis, but by increasing 
lysis.  Hence this experiment  develops an important  fact that  was 
not ascertained in working with immune serum alone,  for while the 
greater action of the immune  serum over normal  serum has,  up to 
the  present,  been attributed  to its greater  bacteriotropic powers,  it 
now appears that  it possesses a  greater  lyric power as well. 
TItERAPEUTIC  OBSERVATIONS. 
Now that  it has been shown that the combined effects of sodium 
oleate  and  an  immune  antipneumococcus  serum  suffice  to  protect 
rats which otherwise succumb to pneumococcus infection,  when the 
immune serum is injected simultaneously with the soaped diploeocci, 
the  question  arises  whether  any  protection  can  be  secured  by  in- 
jecting the immune serum at a  later period and,  hence,  after infec- 
tion  has  already been accomplished.  When  the  above experiment 
is repeated with the difference that  the injection of immune  serum 
is made after that of the soaped diplococci, it has been found that it 
is possible to preveht infection when the immune  serum is injected 
within  about  one  hour  after  the  pneumococci,  but  not  when  it  is 
injected  later  and  after  multiplication  has  already  begun.  Since 
the  pneumococci  employed have  such  a  high  degree  of  virulence, 
and  the  progeny of the  soaped  opsonins  are  not  subject to  serum 
lysis, this  result was predictable. 
It next became necessary to ascertain whether a  favorable result Richard  V.  Lamar.  15 
could be achieved when mixtures  of soap and  immune  serum were 
injected into animals  already infected with untreated virulent pneu- 
mocoeci.  In  planning  experiments  of  this  kind  it  was  necessary 
first  to  take  into  account the  already  ascertained  fact  that  bacter- 
iolysis and hemolysis by means of soaps are inhibited in the presence 
of an excess of protein in the form of serum.  Thus,  if the culture 
of pneumococci,  serum,  and  solution of soap be mixed together  at 
once,  the  diplococci are  not acted upon by the  soap  and  hence  are 
not prepared  for solution,  but multiply either  in the test tube or in 
the  body  of  the  injected  animal,  in  the  latter  instance  causing 
death.  If, therefore, any success in this line of experiment is to be 
achieved,  a  method must be found  for keeping  apart  the  soap and 
the  serum  at  least  until  the  soap  has  had  time  to  unite  with  and 
act  upon  the  pneumococci. 
THE  PREVENTION  OF  PROTEIN  INHIBITION  OF  SODIUM  0LEATE. 
In considering the factors that act immediately  in inhibiting the 
action of the soap upon the diploeocci in the presence of serum, the 
first possibility thought  of related to the calcium  salts, which,  by 
reacting  with  the  sodium  oleate might  give rise  to  cMcium oleate. 
As calcium oleate is insoluble, it would fail to act upon and alter the 
pneumococci.  An effort was made, therefore, to remove the calcium 
of  the  serum  by means  of  sodium  oxalate;  this  oxalated  serum 
was  mixed  with  the  culture.  Sodium  oleate  was  then  added  in 
quantity  sufficient  to  kill  the  diplococci  during  one  hour's  con- 
tact  in  the  absence  of  serum.  This  experiment,  which  was  re- 
peated,  showed immediately  that  other  factors  besides the  calcium 
entered  into the  reaction,  since the  diplococci were protected  from 
the action of the soap by oxalated serum,  just as they were by the 
native serum. 
At  this  point  advantage  was  taken  of  an  observation  made  by 
yon Liebermann  and  yon  Fenyvessy,  *s  who  noted  that  the  inhib- 
itory  effect of  serum  upon  soap  hemolysis  could  be prevented  by 
means  of  boric  acid.  The  preliminary  experiments  with  boric 
acid showed that in a 3 per cent. solution this chemical, when acting 
for  the  period  of  one  hour,  exhibited  no  appreciable  antiseptic  or 
~Ztschr.  ft.  Immumtiitsforsch,  19o9, il,  436. 16  Chemo-Immunologidal  Studies  on  Localized  Infections. 
destructive  action  on  pneumococci.  It  could  now  be  shown 
that when boric acid was added to the serum in a  suitable quantity, 
it  counteracted  almost  completely  the  inhibitory  effects  of  the 
serum.  The optimum quantity of the boric acid for the quantities 
of o.2 cubic centimeter of serum and one milligram of sodium oleate 
proved  to  be  from  thirty  to  forty milligrams.  When  less  than 
thirty milligrams was employed, the inhibition was imperfect; when 
more than forty milligrams was used, the boric acid itself deterred 
the action of the soap, and its effect on the serum inhibition became 
obscured. 
Two-tenths cubic centimeter of serum, three milligrams of boric 
acid,  and  a  quantity of sodium oleate yielding a  dilution of  I  to 
I,OOO  are  allowed  to  act  upon  the  pneumococci;  it  is  found 
that all of those exposed have been killed, and nearly all dissolved. 
"@2qen less than thirty milligrams of boric acid are employed, a part 
only of the pneumococci are killed and dissol:ced,  while if a  greater 
amount be used, all of the cocci are killed, but few or none are dis- 
solved. 
EXPERIMlgNTS  10.I  4  AND  IO.I 5.  February  24,  25,  191o.  Materials  used:  a 
twenty-four  hour  plain  bouillon  culture  of  "  N.  1.21 "  made  from  the  heart's 
blood  of a  "passage" mouse,  o.oooooi  c.c  fatal  for  a  mouse.  Freshly  prepared 
o 5  per cent. solution of sodium oleate.  5 per cent. solution of boric acid.  Normal 
goat serum.  The various mixtures are made in test tubes and allowed  to  remain 
for  one  hour.  Then  microscopical  preparations  and  transplantations  to  glucose 
serum  agar  are  made.  Afterwards  a  part  of  each  mixture  is  injected  into  the 
peritoneal  cavity  of  a  mouse so  that  each  mouse  receives  o.5  c.c.  of  culture,  as 
shown ia Table  II. 
Next,  it was observed that the substitution of immune antipneu- 
mococcus serum for the normal serum favors the destruction of the 
diplococci and consequently the recovery of the inoculated animals. 
The difference in effects between the normal and the immune sera 
in  these  experiments  is  less  striking  than  in  the  experiments ~  of 
Table  I,  for  the  reason  that  here  the  concentration  of  soap 
used suffices in itself in the absence of serum to destroy the bacteria, 
and  thus  masks  the  effects of the  immune  serum.  On  the  other 
hand,  the  greater  efficiency of the  immune over  normal serum  is 
shown in two distinct ways: first, by the smaller quantity of boric 














Culture -+- soap solution ;  di- 
lution,  I-l,OOO. 
Serum +  culture +  soap. 
Boric acid (Io rag.) +  serum 
+  culture -+- soap. 
Boric acid (20 nag.) -~-serum 
+  culture +  soap, 
Boric acid (3  °  mg.) -~ sen3m 
+  culture +  soap. 
Boric acid (40 rag.) +  serum 
-47 culture +  soap, 
Bortc acid (60 rag.) -[- serum 
+  culture +  soap. 
Boric  acid  (60  rag.) +  cul- 
ture. 
Boric  acid  (20  rag.) -}- cul- 
l  ture+  soap. 
! Boric  acid  (60  rag.) +  cul- 
ture +  soap. 
Migros,coplc$1 preparations.  ! Trapsplantations.  t~esak. 
! 
Outlines  of  cocci  lost; 
small  chromatin-stain- 
ing masses remain. 
:No r ed~ctiqn ; no mprpho- 
logical change. 
Marked reduction in num- 
ber ;  all altered. 
More  reduction ;  all  al- 
tered 
Very few remain. 
Only  an  oceosi6nal  pair 
remains. 
Slight  reduction in  num- 
ber ;  some swollen. 
~'~o change. 
Few  pairs  left;  all  al- 
tered. 




' Profuse ~rowth. 
Profuse growth. 
3 colonies. 








Died,  17 
hrs. 
Died,  .18 
hrs. 






Died,  4 8 
hrs. 




Died,  67 
hrs. 
All  the  animals  that  died,  except  Nos.  lO,8O  and  Io.77, presented  at  autopsy 
the usual  findings oi  death  from pneumococcic septicemia.  Nos.  lO.8O and  Io.77 
died from the toxicity of the substances which were injected, and not from infec- 
tion  I,n  each there was a  barely perceptible, thin peritoneal  exudate,  which was 
sterile, as  was the heart's blood. 
normal serum; and second, by the smaller quantity of immune than 
Of  normal serum required to  protect  the  animals  from infection. 
The former fact is  brought out bY the experiment summarized in 
Table III. 
]~Xl~E~I~E~gT  10.16,  February  28,  191o.  The  experimen~  is  carried  out"  in 
the same manner as  experiments lO.14 and  IO.I5, except that  immune goat serum 







Boric acid (Io rag.)-}- immune 
serum -~- culture +  soap. 
Boric acid (20 mg. )-[-immune 
serum -[- culture +  soap. 
Boric acid (30 rag.)+ immune 
serum -~- culture -{- soap. 
Boric acid (4  °  mg.)+immune 
serum -+- culture Q- soap. 
Control : boric add (6o rag.)+ 
immune serum +  culture. 
Microscopical preparanons.  Transplantations.  Result. 
Marked reduction m num- 
ber of cocci ; all altered. 
More reduction. 
Only a few cocci remain. 













t~,ecov  - 
ered. 
Died,  17 
hrs. 
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In this experiment the immunity principles of the serum have suf- 
ficed to compensate for the only partial removal of the serum in- 
hibition which was afforded by the insufficient quantities of boric 
acid,  for although viable diplococci were still present in mixtures 
lO.83  and lO.84,  yet the injected animals recovered, while the cor- 
responding ones, lO.74 and lO.75 of the preceding experiment with 
normal serum, succumbed. 
The second way in which the superiority of the immune serum is 
exhibited is illustrated by the experiment summarized in Table IV, 
from which it will be seen that smaller quantities of immune serum 
accomplish what it is impossible for even larger quantities of normal 
serum to  do.  In order to keep the conditions of the  experiment 
identical throughout and to secure an equal quantity of protein, nor- 
mal serum was added to the immune serum to make the quantities 
of equal volume throughout, namely, o.2  cubic centimeter, which 
is the amount required for complete inhibition of the action of the 
soap. 









(Sameas IO.74).  Borlcacid (xomg.)+uor- 
real serum (0.2 c.c.) + culture+ soap. 
(Same as Io, 75).  Boric acid (20 rag, ) +  nor- 
mal serum (o.z e.c. ) +  culture +  soap. 
Boric acid  (IO rag.) +immune  serum  (0.05 
c.c. ) +  normal serum (o.I 5 c.c. ) +  culture 
+  soap. 
Boric  acid  (20 rag.) +  immune  serum  (0.05 
c.c. ) -~ normal serum (o.I 5 c.c.) +  culture 
+ soap. 
Boric acid  (Iomg.)+  immune serum  (o.oz 
c.c.) -k" normal serum (o.18 c.c.) +  culture 
+ soap. 
Boric acid  (2o rag.) +  immune serum (0.02 
c.c. ) +  normal serum (o.I8 c.c. ) +  culture 
+  soap. 
Boric acid  (1o mg.)+ immune serum  (o.o* 
c. c. ) +  normal serum (o. 19  c.c, ) +  culture 
+ soap. 
Boric acid  (2o rag.)+immune  serum  (o.ox 
c.e.) +  normal serum (O,I  9 c.c.) +  culture 
+  soap. 









Died, 40 hrs. 
Died, 16 hrs. 
Recovered. 
Recovered. 
Died, 40 hrs. 
Died, 40 hrs. 
Died, I6 hrs. 
Died, 48 hrs. 
From the preceding experiment it is apparent that as little as o'.o5 
cubic centimeter of the immune serum suffices to prevent infection 
and death even when as little as from ten to twenty milligrams of Richard  V.  Lamar.  19 
boric  acid  are  used  in  combination;  while  the  larger  quantity, 
namely, 0.2 cubic centimeter,  of normal  serum uuder the same con- 
ditions  exerts  little  or  no  restraining  action  on  the  growth  and 
infectivity of 'the pneumococci. 
TI-IERAPEUTIC TESTS WITH SERUM; SOAP, AND BORIC ACID MIXTURES. 
Now that it has been ascertained that boric acid is capable of pre- 
venting the protein inhibition of soap in vitro, the question at once 
presents  itself  as  to  whether  it  will  exercise  a  similar  effect intra 
vitam,  and  if  so,  whether  use can  be made  of  soap  and  immune 
serum mixtures to prevent infections with the pneumococcus.  With 
respect  to  this  question  it  can  be  stated  that  rats  which  have 
received  intraperitoneal  injections  of  several  times  the  fatal  dose 
of  a  virulent  culture  of  pneumococci  may  be  saved  from  fatal 
infection  by  the  subsequent  injection  of  an  appropriate  mixture 
of  immune  serum,  boric  acid,  and  sodium  oleate.  In  brief,  it 
has been found that when what we shall call the therapeutic injection 
of the mixture  described above is made to  follow immediately  the 
inoculation  of  the  pneumococci  or  is  made  within  one  hour  of 
the inoculation  of the organisms,  all  of the  animals  so treated  sur- 
vive.  When the treatment  is postponed longer,  so that the interval 
between the  inoculation and  the treatment  is as long as two hours, 
about one-half of the treated  animals  survive,  and  when the treat- 
ment is still further postponed, the results are less satisfactory. 
The  experiment  summarized  in  Table V  is  taken  from  a  series; 
all  the  experiments  of  which  resulted  similarly. 
EXPERI~,IENT I0.28.  April 25,  191o.  Materials used: a  twenty-four hour plain 
broth culture of " N.  1.78" m~de from the heart's blood of a  "passage" mouse; 
o.ooooi  c c.  fatal  for  a  rat.  A  mixture, each cubic centimeter of  which contains 
o.2  c.c.  of  immune goat  serum, 0.6  c.c.  of  a  5  per  cent.  solution of  boric  acid, 
and o.2 c c.  of  a  o.5  per cent.  solution of  sodium oleate 
The  experiment  w-as  performed  in  duplicate,  eight  white  rats~ 
being used in each series.  The  culture was injected  first and  there, 
the therapeutic mixture,  as shown in Table V, 
The  interpretation  of the  results  of the  therapeutic  experiments,, 
appears  to be as  follows: 20  Chemo-Immunological  Stu~es  on  Localized  Infections. 

















Control :  o.oI c.c. culture. 
Control :  o. I  c.e. culture. 
o.oi c.c.  culture +  o. 5 e.e. thera- 
peutic mixture immediately. 
o.I c.c. culture +0. 5  c.e.  thera- 
peutic mixture immediately. 
o.ox c.e. culture +  0. 5 c.c. thera- 
peutic mixture 2 hrs. later. 
o.I  c.c~  culture +  0.  5  e.c. thera_- 
peutie mixture 2 hrs. later. 
o.oI c.c. culture +  0. 5 c.c. thera- 
peutic mixture 2 hrs. and 24 hrs. 
later. 
o.I  c.c. culture +  0.5 c.c.  thera- 
peutic mixture 2 hrs. and 24 hrs. 
later. 
Both d!ed, about 4 °  hrs. 
Io.x54 died, about I8  hrs.; 
Io.I62 died, ~bont 40 hrs 
Both recovered. 
Both recoyered. 
I9. I57  recovered ;  Io. 165 
died, 3Y~ days. 
I~o, I58  died,  4r/~  days; 
Io. 166 recovered. 
Both recovered. 
*o.I6o  recovered ;  xo. I68 
died,  5 days. 
Although rat  lO.165 had, at autopsy, a  pneumococcic peritonitis and septicemia, 
its right lung was the seat of an extensive pseudo-tuberculosis, which is common 
in  laboratory  rats,  and  which may have contributed  to  its  death. 
In inhibiting the union of sodium oleate with the serum proteins, 
the action of boric acid is not perfect.  It depends in part upon the 
amount of protein present and is greatest only under definite con- 
ditions.  Hence, its effects intra vitare~ are greater during a  period 
in which the protein of the serum exuded into the peritoneal cavity 
is not excessive, and its action becomes less perfect, and hence in- 
adequate, .when  the  exudate  has  become  rich  in  serum  protein. 
Moreover,  th  e  degree  of  multiplication of the pneumococci must 
also  be  taken  into  accotmt  since  the  action  of  the  therapeutic 
mixtures upon the virulent diplococci is not indefinite; and in the 
experiments,  multiples of  the  fatal  dose  having been  inoculated, 
account must be  taken of  the  multiplication occurring within the 
first two hours  following the infection, which multiplication adds 
to the number of  fatal  doses present.  Even the forming exudate 
in  the peritoneal cavity is,  by nature  of  the  anatomical relations 
there  present,  likely  to  be  enclosed  by  adhesions  in  pockets  to 
which the therapeutic mixture may not have free access.  Finally, 
the  rat  is,  under  the  circumstances  of  the  experiment,  a  species 
highly  susceptible  to  infection,  and  particularly  to  septicemia; 
and  within  the  period  of  two  hours  the  pneumococci  injected 
into  the  peritoneal  cavity  have  gained  access  to  the  blood  and 
through  the  blood  to  the  internal  organs,  in  which  situations 
they are not readily, if at all,  reached by the therapeutic mixture. RiChard  V.  Lamar.  21 
The problem presented in the rescue of these animals from a  Fatal 
infection is a  severe one as compared with that presented by local 
affections due to the pneumococcus occurring in larger animals sub- 
ject  to spontaneous infection. 
IVIECI-IANISIVI OF  TI-IE PROCESS. 
The precise mechanism oF the combined action of sodium oleate 
and immune sei-u.m, through which the growth of the pneumococci 
is so greatly restrained and their solution so much promoted, should 
be discussed.  That the dilute solutions of the alkaline oleates pro- 
duce  definite  and  marked  changes  in  the  organisms  that  do  not 
directly affect' their  viability is  obvious.  These  changes are  Wo- 
found enough to bring the viable pneumococci within the dissolv- 
ing sphere of serum, from which it would appea~: that one effect, at 
least, of the soditlm oleate is to fender the organisms more pervious 
for the serum.  We Wish  to  suggest that  this  action of the soap 
is connected in some degree with the lipoidal constituent of the or- 
ganisms and possibly with the moiety cofltained within their outer 
membranes Which, under the inftuel~ce of the soap, having become 
attenuated or ~partly  dissolved, permit ingress  of the  serum.  To 
this conception of the manner of action of the soap would conform 
the greater tendency of the soaped pnetimoc0cci to Undergo autoly- 
sis,  Sihce  the  Weakening of  the  lipoidal  batMer  would  favor  the 
action, in the manner described by Hans Meyer,  ~9  of the aut'olytic 
fei-ments upon the bacterial cell.  The bacterial cells thus altered by 
the action of the soap become apparently more pervious to an im- 
mune than to  a  normal sei'um,  doubtless  because  of the  presence 
in the former of principles, possibly of colloidal nature, which favor 
its  enti-gnce  into  the  bacterial  cell.  Doflbtless.  also,  the  specific 
ilfimunity principle exercises directly a  destructive action upon the 
ph~u~6cocdi, for 'the co~npletion of which Complement would seem 
not ~co be reqtiired. 
Fu~-ther experiment is i-equired in order to ascertain to what ex- 
tent the peculiar acti0h of the alkaline soaps descrihed is applicable 
to ot~her members of th6 group of the pyogenic cocci,  tn this con- 
nect~oh it should be recalled that the pneumococcus has already been 
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distinguished from other pyogenic cocci by reason of the fact that it 
is subject to solution by bile, while the others are not.  Studies are 
in progress for the purpose of determining the manner of reaction 
of  other members of the pyogenic bacterial  group  to  the allealine 
soaps. 
CONCLUSIONS. 
Highly dilute solutions of the alkaline oleates, which do not suf- 
fice to  alter appreciably the morphology or reproductive power of 
the  pneumococci, nevertheless produce  profound  changes  in  their 
structure. 
Pneumococci treated with sodium oleate become more subject to 
autolysis, as is indicated both by the rapidity and the perfection of 
the  process  of  self-digestion,  and  at  the  same  time  they become 
subject to serum-lysis. 
The  serum-lysis of the soaped pneumococci tends to  be  incom- 
plete with normal  serum and to  be perfect with an  immune anti- 
pneumococcus serum.  When normal serum is  employed, the sur- 
viving pneumococci subsequently multiply either in the test tube or 
in  the  animal  body,  in  the latter  case  producing  fatal  infection. 
When,  on the other hand,  an immtme serum is  employed, lysis is 
complete,  no  multiplication  occurs,  the  test  tube  mixture  is  ster- 
ilized,  and the inoculated animal is  protected  from infection. 
The inhibition of their activity which the soaps ordinarily suffer 
in the presence of protein,  can be prevented by the addition of an 
appropriate  quantity  of  boric  acid,  so  that  suitable  mixtures  of 
serum, soap, and boric acid can continue to exert a  deleterious and 
solvent influence on the pneumococci, and the effect is greater when 
immune serum is  employed in  the mixtures. 
Infection  can  not  only be  prevented when the  mixture  of  im- 
mune serum, soap, and boric acid is added to the pneumococci before 
injection  into  the peritoneal  cavity of  small  animals,  but  the  in- 
fection can likewise be prevented when a  therapeutic injection of 
a  mixture of the three substances mentioned is made to follow the 
inoculation  of  normal,  highly  virulent  diplococci.  The  limits  of 
the activity of the therapeutic mixture are determined, in part by the 
amount of protein to be overcome, and in part by the peculiarities 
of the infection occurring in highly susceptible animal species. Richard  V.  Lamar.  23 
The virulence of the pneumococci is somewhat diminished by the 
soap  treatment,  hut  the  treated  organisms  are  not  rendered  more 
subject  to  phagocytosis. 
It would appear  that  the  action  of the  soap  is exerted  upon the 
lipoidal  moiety of the  bacterial  cells,  through  which  they are  ren- 
dered more pervious to serum constituents  and brought under their 
deleterious  and  dissolving  influence.  The  changes  in  the  pneu- 
mococci here  described probably have  a  prototype in the  resolving 
exudate bf a  pneumonic process~ so that  it may be considered that 
they occur  in the  animal  body in the  course of spontaneous  infec- 
tion and  constitute one of the conditions  of the conquest of the or- 
ganism by the body's forces.  A  certain  conformity exists between 
the manner  of destruction of the pneumococci in a  pneumonic exu- 
date and that in the artificially prepared soap-serum mixtures. 
In order to imitate  outside of the body the  conditions  of the re- 
moval of pneumococci within the body, it does not suffice merely to 
study the  reactions to  leucocytes and  serum  and  to conclude  from 
these reactions the means  which the body employs  for the disposal 
of the  diplococci; but  it  is  necessary to invoke  still  other  factors, 
among which are the effects of chemical substances present  in exu- 
dates, of which the soaps represent one class.  The  failure hitherto 
to unify the reactions in test tubes with those occurring in the body 
in  connection with the  pneumococcus may be  due  to the  fact  that 
account was not taken of this  class of chemical bodies. 
Whether  the principle  here  presented  can be made  applicable  to 
the treatment  of local pneumococcus infections  in human  beings  is 
a  pressing  question.  Its  application  to  the  treatment  of  local  in- 
fections, to the seats of which the serum,  soap, and boric acid mix- 
tures  can  be  directly  applied,  particularly  after  evacuation  of  an 
inflammatory  exudate,  seems  to  offer promise. 